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a  b  s  t  r  a  c  t
Introduction:  Freiberg’s  disease  is  osteonecrosis  of  the dorsal  side  of  a metatarsal  head.  The gold-standard
surgical  treatment  is the  osteotomy  procedure  ﬁrst described  by Gauthier.
Hypothesis:  Gauthier  osteotomy  for Freiberg’s  disease  will  restore  the  joint  space  and  lead  to long-term
clinical  improvement.  A retrospective  study  was carried  out to verify  this  hypothesis.
Material and methods:  This  study  involved  30  consecutive  cases  treated  by  a single  surgeon  in  28  patients
having  a mean  age of 61.2  years.  These  patients  underwent  the Gauthier  osteotomy  procedure  with  one
or two  dorsal  staples  used  for ﬁxation.  Patients  were  reviewed  15  days,  45 days  and  3 months  after  the
procedure,  and  then  at the last  follow-up  to  look  for  any  complications  and  determine  patient  satisfaction,
the AOFAS  score,  metatarsophalangeal  range  of  motion  (ROM),  sphericity  of the  metatarsal  head,  bone
union  and  metatarsal  shortening.
Results:  The  average  follow-up  was  6.5  years  ± 2.2. The  second  metatarsal  was  affected  in  27 cases  and
the third  metatarsal  in  3  cases.  Discomfort  related  to the staples  was noted  in ﬁve cases;  the staples  were
removed  in three  of them.  There  was  one  case  of  severe  stiffening  (<  20◦ ROM).  At  the last  follow-up,  17
cases  were  very  satisﬁed,  11 were  satisﬁed  and 2 were  moderately  satisﬁed.  The  average  AOFAS  score
was  83.8  points  ±  11.8  at the  last  follow-up.  A  mean  loss  of  15◦ plantar  ﬂexion  and  10◦ dorsiﬂexion  was
noted.  Bone  union  and  metatarsal  head  sphericity  were  achieved  in  all  cases.  The  average  shortening  was
2 mm  ±  1.4.
Conclusions:  The  Gauthier  osteotomy  procedure  results  in recovery  of  the  metatarsal  head’s  sphericity
in  every  case  of  this  series,  with  good  clinical  results  and  low  morbidity.
Level  of evidence:  IV,  retrospective  series.. Introduction
Freiberg disease (or Freiberg’s infraction) was ﬁrst described in
914 [1]. It corresponds to dorsal subchondral osteonecrosis of a
etatarsal head, mainly the second one. This condition is the fourth
ost common primary intra-articular osteonecrosis [2]. The patho-
hysiology is controversial with several opposing theories [3–6]
hat are mainly traumatic or vascular in origin.
Conservative treatment is always attempted ﬁrst. It combines
ain management, footwear modiﬁcations, plantar orthotics and
eduction of physical activity or even unloading of the foot. If
his treatment fails, the gold standard surgical treatment is a
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dorsiﬂexion osteotomy below the metatarsal head described by
Gauthier and Elbaz [7], except in cases of complete epiphyseal
necrosis (advanced stage V disease).
We hypothesized that Gauthier’s osteotomy in cases of
Freiberg’s disease will restore the sphericity of the metatarsal
head and the joint space, and will improve patients’ symptoms
in the long-term with minimal morbidity. A retrospective, single-
center, continuous, single-surgeon study was  carried out to test this
hypothesis.
2. Material and methods2.1. Study population
The case series consisted of 30 feet (17 left, 13 right) in 28
patients operated on by a single senior surgery (BPL) between


























wig. 1. a: performance of a dorsal closing-wedge osteotomy; b: closure of the
steotomy using a single staple.
ctober 2001 and November 2010. There were 23 women (82%)
nd 5 men  (18%) (1 woman and 1 man  underwent bilateral
urgery). The mean age at the time of the procedure was 61.2 ± 11.8
ears (27–83 years). The second metatarsal was affected in 27 cases
nd the third metatarsal in 3 cases. According to Smillie’s classiﬁ-
ation [2], 12 feet were in stage II (40%), 11 were in stage III (37%)
nd 7 were in stage VI (23%); none of the feet were in stage I or V.
he mean preoperative AOFAS [8] was 50.9 ± 8.4 (35–77).
.2. Surgical technique
The surgical technique used was the one described by Gauthier
nd Elbaz in 1974 [7]. Patients were supine and given regional
r general anesthesia. The procedure was performed under pre-
entative hemostasis using a tourniquet at the ankle inﬂated to
50 mmHg. A longitudinal dorsal incision was made over the
enter of the affected metatarsal. Capsulotomy was  performed
etween the extensor digitorum longus and brevis tendons. Syn-
vectomy with joint debridement and removal of intra-articular
oreign bodies and osteophytes was performed. Dorsal cuneiform
steotomy was then carried out by resecting the entire necrotic
rea in the head with an oscillating saw, while preserving a plan-
ar hinge (Fig. 1a). The osteotomy site was closed and ﬁxed with
ne or two thin metal staples on the dorsal side of the metacarpal
Fig. 1b). The extensor digitorum longus and brevis tendons were
e-approximated with absorbable suture. The skin was  closed
ith a running absorbable suture. Protected weight-bearing wasogy: Surgery & Research 101 (2015) S221–S225
ensured by having the patient wear a Barouk-type forefoot off-
loading shoe for 3 weeks. After the third postoperative week, the
patient was  prescribed a course of rehabilitation focused on joint
range of motion (ROM) and walking retraining.
2.3. Follow-up
Patients underwent a clinical and radiological review at 15 days,
45 days, 3 months after the procedure, and then at the last follow-
up. Any complications occurring during the follow-up period were
noted. The American Orthopaedic Foot & Ankle Society (AOFAS)
score [8] was  used as a clinical outcome measure in the preoper-
ative and postoperative periods; a score between 80 and 100 is
considered very good, between 60 and 79 is good, between 32 and
59 is average, between 26 and 31 is fair and below 25 is poor. The
patient’s satisfaction at the last follow-up (very satisﬁed, satisﬁed,
moderately satisﬁed, disappointed or dissatisﬁed) was determined,
as was  the possible presence of transfer metatarsalgia. The passive
and unloaded ROM of the metatarsophalangeal joint was measured.
The metatarsophalangeal ROM was  considered normal if it was
greater than 75◦, moderate if between 30◦ and 74◦, and stiff if below
30◦.
A/P and lateral radiographs were taken with the patient weight-
bearing and 3/4 oblique views were taken with the patient not
weight-bearing. These were used to analyze the sphericity and
viability of the metatarsal head, along with bone union, short-
ening of the metatarsal relative to the preoperative radiographs,
maintenance of the metatarsal cascade and possible dislocation or
subluxation of the metatarsophalangeal joint.
Preoperative and postoperative quantitative data were com-
pared using paired single-tail Student’s t-tests; the Kruskal-Wallis
test was  used if the data were not normally distributed. Qualitative
data were expressed as numbers and percentages, then compared
with the Chi2 test (or Fisher’s exact test if necessary). All of the
statistical tests were carried out using a type I risk of 5%.
3. Results
The mean follow-up was 6.5 years ± 2.2 (3.3–12.2). No patients
were lost to follow-up.
3.1. Complications
There were no postoperative infections, non-unions or transfer
metatarsalgia. There was  one case of severe stiffening (< 20◦ ROM).
One case of dorsal subluxation without stiffness and one case of
metatarsophalangeal dislocation were identiﬁed. Five patients had
discomfort in their foot related to the staples; they were removed
in three of them.
3.2. Subjective results
At the last follow-up, 17 cases were very satisﬁed of the outcome
of the procedure, 11 were satisﬁed and 2 were moderately satisﬁed.
None of the patients were disappointed or dissatisﬁed.
3.3. Clinical results
The average AOFAS score was  83.8 points ± 11.8 (42–100) after
a mean follow-up of 3 months. This was a signiﬁcant improvement
of 33.1 ± 10.1 (12–56) (P = 0.01), with a maximum improvement
of 56 points and a minimum improvement of 12 points. In the
immediate postoperative period (3 months), 70% of the feet were
considered as very good, 23% as good and 7% as average. There were
no fair or poor results.






























SFig. 2. Change in the AOFAS score.
At the last follow-up, the average AOFAS score had decreased
elative to the immediate postoperative period to a mean of 80.7
oints ± 10.7 (42–100) (Fig. 2). At the last follow-up, 5 feet had
ormal metatarsophalangeal ROM, 24 had moderate limitations
n ROM and 1 was stiff. There was a loss of 15◦ ± 10.7 (0◦–30◦) in
lantar ﬂexion and 10◦ ± 8.5 (0◦–25◦) in dorsiﬂexion.
.4. Radiological results
Metatarsal head sphericity had been re-established in all cases
n the radiographs taken at the last follow-up (Fig. 3a–d). Bone
nion was achieved in all cases. The average shortening was
 mm ± 1.4 (1–3 mm).
. Discussion
In this study, surgical treatment of Freiberg’s disease with Gau-
hier’s osteotomy restored the joint space and the sphericity of the
etatarsal head in all patients without any cases of non-union. This
imple technique re-establishes an epiphysis covered by healthy
artilage without the need to add osteochondral tissue. In addi-
ion, this osteotomy was able to re-establish a pain-free, congruent
oint because the necrotic cartilage tissue triggering joint inﬂam-
ation had been removed. With 93% good and very good results,
he clinical results are satisfactory and the morbidity is low.
Because Freiberg’s disease is relatively rare, published studies of
orsal closing-wedge osteotomy treatment [4,9–14] rarely include
ore than 15 cases, except for the original study published by Gau-
hier and Elbaz (53 feet) [7]. This makes the 30 operated cases
escribed here, one of the largest published studies.
The main complication found in our study was  metatarsopha-
angeal dislocation and subluxation. However, these two cases
ccurred a long time after the initial surgery (10.2 and 11 years
ostoperative) with the appearance of second ray syndrome with
evelopment of hallux valgus. They do not seem to be directly
elated to the Gauthier osteotomy.
The limitations of this study are related to the selection bias
nherent to any retrospective study.
able 1
ummary of published results after dorsiﬂexion osteotomy.
Authors Number of patients 
Gauthier and Elbaz, 1979 [7] 53 
Kinnard and Lirette, 1989 [10] 10 
Kinnard and Lirette, 1991 [11] 15 
Chao  et al., 1999 [12] 13 
Lee  et al., 2007 [13] 12 
Jiyoun  et al., 2012 [14] 19 
Kilic  et al., 2013 [9] 8 
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A review of literature reveals that dorsiﬂexion osteotomy results
in good outcomes, with 84 to 100% of cases having good or very good
results. The 93% rate of good and very good results in this study
is consistent with other published studies (Table 1). The reduced
metatarsophalangeal joint range of motion inherent to this surgical
technique was  not disabling for our patients, nor for patients in
other published studies [10,12], which reports similar ROM values
to ours (15◦ plantarﬂexion and 10◦ dorsiﬂexion) (Table 2). As in the
Jiyoun et al. study [14], one patient had no mobility in the joint at
the last follow-up.
In this study, the average shortening of 2 mm did not result in
transfer metatarsalgia. This amount of shortening was  reported
in various other studies, ranging from 2.1 mm in the Chao et al.
study [12] to 3.4 mm for the Jiyoun et al. study [14]. In these lat-
ter two studies, unlike our study and the ones by Kinnard and
Lirette [10,11], transfer metatarsalgia appeared in one patient each
(Table 3). In the Kinnard and Lirette’s studies [10,11] as in the
current study, the metatarsophalangeal joint space was regular.
In contrast, Chao et al. [12] reported that all cases had a slightly
irregular joint space.
As for the discomfort caused by the staples, some authors have
reduced this risk by using resorbable staples [10,11,13] or less bulky
material such as the small screws used in Weil osteotomy proce-
dures [14]; however, these appear to be less able to achieve good
hold in certain reconstructed epiphyses. The discomfort caused by
staples was not found in the immediate postoperative period, thus
seems to be due to their secondary migration.
The gold-standard surgical treatment for Freiberg’s disease
is the osteotomy ﬁrst described by Gauthier. This osteotomy is
intended to treat patients who have failed conservative treatment
in cases of partial articular necrosis. Other techniques have been
described for this type of indication, such as joint debridement with
microperforations (Smilie procedure) [2,9,15–17], which along
with cleaning the joint, attempts to create a ﬁbrocartilagenous scar
tissue. Addition of a cartilage autograft [9,16–20] is an experimen-
tal technique that seems to lead to good short-term results with
improvement in the AOFAS score after 1 year in the advanced stages
of the disease, but longer term follow-up is still needed.
A simple joint debridement procedure can be carried out for
cases of very limited necrosis with osteophytes that only interfere
with wearing shoes. Various techniques have been proposed for
cases of total or subtotal necrosis. Resection of the metatarsal head
[16,20] often leads to hallux valgus and transfer metatarsalgia sec-
ondary to loading. Although shortening osteotomy has been shown
to provide 80% good and very good results [21], there is no direct
effect on the joint space and the necrotic cartilage is not removed.
Improvement in symptoms is potentially due to transfer of the
loads and joint decompression. Arthroplasty seems to be reserved
to cases of Smilie stage V disease [2], as is autoplasty by tendon
interposition [22,23], which is an alternative to joint arthroplasty
in the advanced stages of the disease.
These various techniques and their results are summarized
in Table 4. This comparison leads us to presume that Gauthier’s
osteotomy would be indicated in the advanced stages of the disease.
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Fig. 3. a: preoperative radiograph: Freiberg’s disease of the third metatarsal; b: postoperative radiograph: Gauthier closing-wedge osteotomy for Freiberg’s disease of the
third  metatarsal; c: preoperative radiograph: Freiberg’s disease of the second metatarsal; d: postoperative radiograph: Gauthier closing-wedge osteotomy for Freiberg’s
disease  of the second metatarsal.
Table 2
Loss of range of motion after cuneiform dorsiﬂexion osteotomy.
Authors Average follow-up (months) Loss of plantarﬂexion Loss of dorsiﬂexion
Kinnard and Lirette, 1989 [10] 36.5 −15◦ −10◦
Chao et al., 1999 [12] 40 −15◦ −8◦
Current study 2015 78 −15◦ −10◦
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Table  3
Summary of post-osteotomy shortening reported in published studies.
Authors Average follow-up (months) Average shortening (mm) Transfer metatarsalgia
Kinnard and Lirette, 1989 [10] 36.5 2.3 0
Kinnard  and Lirette, 1991 [11] 50 2.5 0
Chao  et al., 1999 [12] 40 2.1 1 foot (8%)
Jiyoun  et al., 2012 [14] 71.6 3.4 1 foot (5%)
Current study 2015 78 2 0
Table 4
Comparison of results achieved with different surgical techniques.
Authors Average follow-up (months) Surgical technique Good/Very good results (%)
Hoskinson, 1974 [20] Metatarsal head resection 37
Gauthier and Elbaz, 1979 [7] Dorsal osteotomy 99
Helal and Gibb, 1987 [16] Smilie procedure 72
Kinnard and Lirette, 1989 [10] 36.5 Dorsal osteotomy 100
Kinnard and Lirette, 1991 [11] 50 Dorsal osteotomy 80
Smith  et al., 1991 [21] 40 Shortening osteotomy 87
Sproul et al., 1993 [15] 45 Smilie procedure 100
El  Tayeby, 1998 [23] 71.6 Tendon interposition autoplasty 85
Chao  et al., 1999 [12] 40 Dorsal osteotomy 84
Lee  et al., 2007 [13] 45 Dorsal osteotomy 100
Lui,  2007 [22] 22 Tendon interposition autoplasty 83
Jiyoun  et al., 2012 [14] 71.6 Shortening osteotomy 85






























[Current study 2015 78 
owever, these results should be weighed against a recent study
9] that reports no signiﬁcant difference between dorsiﬂexion
steotomy and joint debridement with microperforations.
The results of the current study conﬁrm that Gauthier’s
steotomy remains the gold standard procedure for partial necro-
is of the metatarsal head in the context of Freiberg’s disease. The
xtent of this necrosis is not easy to determine based on standard
adiographs. A preoperative CT scan may  help to more accurately
ssess the extent of the necrosis. But it is important to keep in mind
hat only an intraoperative macroscopic examination can help the
urgeon make the best possible surgical decision. In cases of very
xtensive epiphyseal necrosis, a wide range of treatment options
re needed, such as metatarsophalangeal implants, which are an
lternative to metatarsal head resection.
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